Results from several large cohort studies that were reported 10 to 20 years ago seemed to indicate that the hypothesized link between dietary fat intake and breast cancer risk was illusory. In this article, we review several strands of more recent evidence that have emerged. These include two studies comparing the performance of dietary instruments used to investigate the dietary fatbreast cancer hypothesis, a large randomized disease prevention trial, a more recent meta-analysis of nutritional cohort studies, and a very large nutritional cohort study. Each of the studies discussed in this article suggests that a modest but real association between fat intake and breast cancer is likely. If the association is causative, it would have important implications for public health strategies in reducing breast cancer incidence. The evidence is not yet conclusive, but additional follow-up in the randomized trial, as well as efforts to improve dietary assessment methodology for cohort studies, may be sufficient to provide a convincing answer.
A lthough a causal relationship between dietary fat and breast cancer has some biologic plausibility, 1 this relationship has been a topic of controversy for more than 20 years, with positive associations seen in animal studies, international comparisons, and case-control studies, 2 but no association seen in a pooled analysis of several cohort studies, which are free from some of the biases that potentially affect case-control studies. 3 Some years ago, Willett 4 reviewed the evidence for a causal relationship between fat intake and breast cancer risk and concluded "As the findings from large prospective studies have become available, however, support for this relationship has greatly weakened." In this article we will review several more recently published research results that pertain to this possible relationship.
A major focus will be the results of 2 studies comparing the performance of dietary instruments used to investigate the dietary fat-breast cancer hypothesis. 5, 6 In addition, we will review results of a large randomized disease prevention trial, 7 a more recent meta-analysis of nutritional cohort studies, 8 and the recent results of a very large nutritional cohort study. 9 
DIETARY ASSESSMENT AND MEASUREMENT ERROR
A major problem besetting studies relating a woman's fat consumption to her risk of breast cancer is dietary measurement error, 10 which, in an observational study, could bias the estimated relationship toward the null and substantially reduce the power to detect the relationship. Case-control and cohort studies use self-reporting techniques for measuring dietary intake. Both study designs reduce (but do not eliminate) the impact of confounders, but the cohort is clearly stronger than the case-control design, effectively eliminating bias arising from differential recall of diet between breast cancer patients and control subjects. However, the cohort design rests heavily on the quality of the dietary reporting by participants, which is strongly influenced by the assessment method used. For reasons of logistics and cost, the reporting instrument most commonly used has been the food frequency questionnaire (FFQ). 11 Little is known about the magnitude and nature of errors in reporting fat intake through an FFQ, and there has been much discussion about whether such errors could have led to the failure of the cohort studies to find a fat-breast cancer association. 12, 13 In 2003, Bingham et al 5 reported the results of a comparison of 2 instruments, a FFQ and a quantitative 7-day diary, both completed by a cohort of 13,070 women living in the United Kingdom, on which the fat-breast cancer association hypothesis was tested. They found a statistically significant positive association (relative risk [RR] 1st vs 5th quintile ϭ 1.79, P trend ϭ 0.05) between total fat intake and breast cancer incidence using the 7-day diary, but not using the FFQ (RR 1st vs 5th quintile ϭ 1.31, P trend ϭ 0.52). A similar result was found for saturated fat intake. These results suggested that the 7-day diary, being associated with less error than the FFQ for nutrients studied, 14 may be more powerful than the FFQ in detecting this diet-disease relationship. However, the study was based on a relatively small number of breast cancer patients (168). 15 The results of this study were potentially important because they suggested that the failure of previous nutritional cohort studies to find an association between dietary fat intake and breast cancer may have been due not to the lack of such an association but to the use of an insufficiently precise dietary assessment. This realization motivated conducting a second study to compare the performance of the FFQ relative to a more detailed assessment, in this case a 4-day food record.
In 2006, the results of this second study were reported. 6 The study was conducted in a larger cohort than that in Bingham et al's study, comprising the 29,294 women in the control group of the Dietary Modification (DM) arm of the Women's Health Initiative randomized trial. 16, 17 To explain some important details of the statistical analysis performed for this study, it is necessary first to describe how women were recruited into this DM trial.
Before the first screening visit, women received several self-administered questionnaires to complete, including an FFQ. At the first visit, the FFQ as well as other questionnaires were reviewed. In particular, those women whose FFQ report showed that less than 32% of their energy intake derived from fat were not considered eligible for the trial. The intention of this requirement was that a group having a relatively high fat intake would be enrolled, thereby increasing the difference in percent energy from fat between women randomly assigned to the dietary intervention and control groups. This screening raised the mean percent energy from fat intake from approximately 32% to approximately 35%. Approximately 42% of those who expressed interest in the DM trial were excluded because of the fat intake criterion.
After this and other exclusion criteria were applied, 48,835 participants entered the DM trial. These women were randomly assigned: 40% (n ϭ 19,541) to a low-fat eating pattern intervention and 60% (n ϭ 29 294) to a control group who were not asked to make dietary changes. Participants included in the study analyses were in the control arm. Staff at the Women's Health Initiative Clinical Coordinating Center frequency matched 2 control subjects for every case patient with invasive breast cancer, with matching on age (50 -59, 60 -69, and 70 -79 years), clinic, and length of follow-up (Ϯ12 months), resulting in a sample of 603 case patients and 1,206 control subjects, that together comprise a case-control design nested within the prospective cohort. The median length of follow-up in the study was 83 months at the time of choosing the matched control subjects.
During the second screening visit, participants were given a 4-day food record (FR) booklet 14 and were instructed on how to complete the records, which they did between the second and third screening visits. Before completing the record, they were given instruction through a videotape and a personal training session. After returning the booklet, participants were interviewed for missing details by clinical staff who had reviewed the 4 days of recorded food items consumed. All of the FR booklets were archived at the Clinical Centers and mailed to the Clinical Coordinating Center in 2004 where they were coded to derive daily nutrient intakes.
Unconditional logistic regression adjusted for matching variables was used in the main analyses relating dietary fat intake to breast cancer. The following confounding variables were adjusted for, as they were statistically significantly associated with breast cancer at the conventional 5% level and changed the risk estimates for total fat in the FR or FFQ models by 10% or more: postmenopausal hormone use (current/former or never), family history in a first degree relative (yes/no), and biopsy for benign breast disease (yes/no).
Missing values were present in family history (88 participants) and breast biopsy (201 participants). Of the 201 with missing breast biopsy information, 194 had entered the study early at a time when the baseline questionnaire did not contain this question. In the main analysis the missing values were dealt with by adding an extra "missing" category to the variable in question. An alternative analysis excluded the "early" participants and adjusted for the remaining missing values using the Horvitz-Thompson method, 18 which weights individuals by the inverse probability that they provide full data.
A variety of statistical models relating fat intake to breast cancer were examined. Separate analyses were performed for total, saturated, polyunsaturated, and monounsaturated fats. Each type of fat was examined across quintiles of fat intake, with adjustment for total energy (standard model) 19 or across quintiles of energy-adjusted fat (residual model). Tests for trend across quintiles were conducted using the median values of the quintiles as continuous variables. Versions of these models with continuous intake variables were also considered.
The above analyses are those typically used in nutritional epidemiologic studies. However, as mentioned earlier, participants were selected for the study on the basis of the percent energy from fat reported on their FFQ, with all those reporting less than 32% being excluded. This "truncation" of the sample causes a bias in the estimated RRs, and also a reduction of the variance in reported fat intake, thereby increasing the SEs of the estimated RRs for the 2 instruments. Because selection was based on the FFQ report, these biasing effects were expected to be stronger for the FFQ than for the FR and therefore needed to be adjusted for in any comparison of the 2 instruments.
The selection was adjusted for so as to produce unbiased estimates of RRs (selection-adjusted RRs) for breast cancer on the basis of either of the 2 dietary instruments, enabling a proper evaluation of the fat-breast cancer association. It was necessary also to calculate specially adjusted unbiased estimates of standardized log RRs for the 2 instruments to provide a fair comparison of the power of the 2 dietary instruments to detect a fat-breast cancer association in a nontruncated study.
Estimated RRs adjusted for selection into the study are shown in Table 1 , where missing data are handled using the missing category method. In all cases the estimated RR in the highest quintile was higher when based on the FR than when based on the FFQ. Statistically significant trends were seen for total, polyunsaturated, and monounsaturated fat when using the FR. Some trends were seen also when using the FFQ, but these were not statistically significant. However, note that the confidence limits for the RRs were wider when the FFQ rather than the FR was used, and this was partly due to the selection bias.
When the Horvitz-Thompson method was used for handling missing data, the trends were similar to those discussed above but stronger. For each type of fat, the adjusted RRs were stronger for the FR and weaker for the FFQ. For total fat, the 4th and 5th quintile RRs adjusted for total energy and corrected for selection were for the FR, 1.86 and 2.54 (P trend ϭ 0.006) and for the FFQ, 1.06 and 1.24, respectively (P trend ϭ 0.41). For saturated fat, these adjusted RRs for the 4th and 5th quintiles were 1.33 and 1.79 for the FR (P trend ϭ 0.06) and 1.01 and 0.85 for the FFQ (P trend ϭ 0.49).
Direct comparison of the instruments' power to detect a fat-breast cancer association was made through an adjusted standardized log RR. These values are shown together with the resultant projected statistical power for various continuous models in Table 2 , according to the 2 different ways of adjusting for missing values. The power was higher for the FR than for the FFQ for all types of fat. The differences in power reached statistical significance (P Ͻ 0.05) under the HorvitzThompson method and were close to statistically significant under the missing category method. Note that for the FR, the statistical powers for total, polyunsaturated, and monounsaturated fats were Ͼ0.8, whereas for the FFQ they were all Ͻ0.5.
In summary, the data in this study showed a clear positive association between dietary fat intake and breast cancer incidence, for total fat and several subtypes, based on the dietary assessments from the FR. The association was far less clear when the data from the FFQ were used.
In addition, the analysis indicated that the FFQ carried less statistical power than the FR for detecting this association. These results provide direct evidence that the FR is a more powerful instrument than the FFQ for detecting fatbreast cancer associations, although one should not consider the matter proven without corroborating evidence from other large studies that use both types of instrument. Together with the results of Bingham et al, 5 they suggest a possible reason for the failure to detect such associations in previous cohort studies, given that those studies used FFQs. Day et al 14 in a comparison of a 7-day diary with a FFQ reported finding less error with the diary, although this finding was disputed. 20 The large Observing Protein and Energy Nutrition (OPEN) study, in which doubly labeled water and urinary nitrogen were used as unbiased biomarkers of energy and protein intake, has shown that absolute intakes reported on a FFQ have weaker correlations with true intake than the corresponding intakes reported on 24-hour recalls. 21 Thus, it seems plausible that the difference in results seen when the FR and FFQ are used is not a chance event, but one due to the different properties of the instruments. Additional evaluation of dietary assessment strategy in large studies is clearly warranted, as alternative self-report instruments (dietary records or multiple 24-hour recalls) may be preferable to the FFQ.
A RANDOMIZED DIETARY INTERVENTION TRIAL
The strongest design to investigate the effects of dietary intake on breast cancer incidence is acknowledged to be the randomized controlled trial (RCT). However RCTs are ex- *Adjusted for the following baseline variables: duration of follow-up, age at entry into study (in 5-year age groups), clinical center region (Northeast, South, Midwest, or West), hormone use (never or ever), family history (missing, no, or yes), and breast biopsy (missing, no, or yes).
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Evaluating the Fat-Breast Cancer Hypothesis pensive and time-consuming, and can be used for only a few select questions. The FFQ-FR comparison study described above was conducted in the control group of the Women's Health Initiative DM trial of a low-fat eating pattern. Principal results of the randomized comparison in this trial were reported recently. 7 The intervention group reported (on a FFQ) consuming an average 25.5% calories from fat per day over the follow-up period compared with 35% in the comparison group. The comparison of breast cancer incidence showed a reduction in breast cancer risk in the intervention group that did not quite attain conventional statistical significance. Over a median follow-up period of 8.1 year, the estimated RR (hazard ratio [HR] ) between the intervention and comparison group was 0.91 (P ϭ 0.07) with a 95% confidence interval (CI) of 0.83-1.01. Separation between the incidence curves in the 2 groups began to diverge approximately 4 years after entry to the trial. Subset analyses, although not providing definitive evidence, accorded well with results that would be expected if the intervention effect were real. Thus, the reduction in risk was greatest (RR ϭ 0.78) among women who reported consuming 36.8% calories from fat at baseline (the highest quartile); these were the women able to make the greater reductions in their fat intake. Reduction in breast cancer risk was greater among those women who adhered to the protocol intervention. Thus, although the first definitive analysis of this trial did not result in a statistically significant reduction in risk, the overall pattern of results certainly suggested that the low-fat dietary pattern would reduce breast cancer incidence. It should be noted that the median follow-up of 8.1 years was somewhat shorter and the difference between the fat intakes of the 2 groups was less than that originally planned, so that the power to detect a reduction in breast cancer fell below the designed level. Longer, planned follow-up may yield a more conclusive result.
COMPARISON OF THE FR-FFQ STUDY AND THE RCT
The results of the FR-FFQ comparison and of the RCT analyses can be shown to be quite consistent with each other. The RR found in the FR-FFQ study, using the FR data, can be applied to the reported difference in fat intakes of the 2 groups (25.5% vs 35% calories from fat) to yield a predicted RR between the 2 groups of 0.78, 6 a 22% reduction. However, the FR-FFQ analysis was based on baseline reported dietary intakes thought to reflect long-term intake, whereas the RCT analysis estimated the effect of short-term dietary change and was designed under the assumption that breast cancer risk would decline linearly over time, with the intervention achieving its maximum effect after 10 years. If the estimate of 22% reduction is taken as that maximum effect, then one would expect an average risk reduction over the first 8 years of the trial to be 22% ϫ 0.4 ϭ 8.8%, an estimate very close to the observed 9.1% in the RCT.
Willet and Hu 22 claimed that if this prediction had been adjusted for the attenuation resulting from the use of just 4 days of diet records in the FR-FFQ analysis, then it would have been seen to be much higher than the 8.8% and SEs (in parentheses) and P values were estimated by the bootstrap method. *Adjusted for the following baseline variables: duration of follow-up, age at entry into study (in 5-year age groups), clinical center region (Northeast, South, Midwest, or West), hormone use (never or ever), family history (missing, no, or yes), and breast biopsy (missing, no, or yes).
†Estimates of what the standardized log RR would have been if the selection criterion had not been used to select participants into the study: (standardized log RR in a study with no selection) ϭ (log RR adjusted for selection)/(SE log RR in a study with no selection).
consequently inconsistent with the trial results. However, the amount of attenuation that occurs for reported fat intake is uncertain and is offset by the difference in underreporting between the intervention and control groups reported by Neuhouser et al. 23 Such differential misreporting between the trial groups would exaggerate the reported gap in fat intake, upon which the predicted reduction of 8.8% is based, in which case this prediction would have to be adjusted downward. In summary, the results of the FR-FFQ and RCT analyses do appear to be quite consistent, within the bounds of our current knowledge.
A RECENT META-ANALYSIS OF OBSERVATIONAL STUDIES
Other more recent evidence for an association of dietary fat and breast cancer comes from a meta-analysis of the published observational studies up to July 2003. 8 The design of this meta-analysis differed from that of the pooled cohort analysis of Smith-Warner et al. 3 It was based on reported results in the literature rather than on source data (a potential disadvantage), but it also included more studies (a potential advantage). In fact, the authors included 45 studies for analysis of total fat (14 cohort studies and 31 case-control studies), with 33 studies for types of fat and 36 studies with information on the 3 most common food groups studied in relation to breast cancer: meat, milk, and cheese. This compares with the 8 cohort studies reported by Smith-Warner et al. 3 Most of the studies in the report of Boyd et al 8 had used FFQs and analyzed the data by comparing the lowest to highest intake categories. The authors used the RR estimate that had been adjusted for energy and all of the established breast cancer risk factors in each of the studies. In addition, for each study a quality score was generated on the basis of predetermined methodologic criteria, such as histologic confirmation of the breast cancer and details of the study population. These scores were used in subanalyses to divide the studies into more and less reliable studies to see whether the observed associations held in the 2 groups. Premenopausal and postmenopausal breast cancer estimates were merged and not evaluated separately.
For total fat, there were 25,015 case patients and 580,000 control subjects for evaluation from studies conducted in Europe, North America, Asia, Australia, and Uruguay. FFQs were used in 32 studies, with varying numbers of food items and method of administration (interviewer vs self-administered). Results were, for the most part, similar between the cohort and case-control studies. Focusing on the results from the cohort studies, for total fat, the overall RR estimates for high compared with low intake were 1.13 (95% CI: 1.04 -1.23). For other types of fat, the RR estimates were very similar to those of total fat for the cohort studies, 1.15 (95% CI: 1.02-1.30) for saturated fat, 1.10 (95% CI: 0.83-1.44) for monounsaturated fat, and 1.11 (95% CI: 1.00 -1.22) for polyunsaturated fat. Analyses of the association of total fat and breast cancer risk by quality of the studies revealed stronger associations among the studies meeting 80% of the quality standards than among those meeting fewer of the standards. Results for foods showed increased risk for high intake of meat (RR ϭ 1.17; 95% CI: 1.06 -1.29) and nonsignificantly elevated risks for high intakes of milk (RR ϭ 1.12; 95% CI: 0.88 -1.43) and cheese (RR ϭ 1.26; 95% CI: 0.96 -1.66).
THE NATIONAL INSTITUTES OF HEALTH (NIH)-AARP COHORT
Aside from dietary measurement error, a second methodologic problem is that many previous epidemiologic studies were conducted in homogeneous populations with a relatively narrow range of fat intakes. This could add to the difficulties of detecting an association between fat intake and breast cancer risk. 24 A narrow range of exposure may also increase attenuation of estimated RRs, even when the same dietary assessment instrument is used, because the smaller is the ratio of true variation in intake to measurement error variation the greater is the attenuation. 25 Therefore, it is important to study cohorts with a wide range of fat intake.
A report on the association of dietary fat intake with risk of postmenopausal breast cancer in the National Institutes of Health (NIH)-AARP (formerly American Association of Retired Persons) Diet and Health Study, a very large prospective cohort of more than 500,000 US men and women among whom dietary fat intakes varied substantially was recently published. 9 Details of the study are described elsewhere. 26 The analysis included 188,736 postmenopausal women aged 50 -71 years at baseline (in 1995-1996) , when they completed a 124-item FFQ. The FFQ was calibrated against 2 24-hour dietary recalls that were administered to a subset of 2,053 NIH-AARP participants by telephone an average of 25 days apart. 26 Over an average follow-up of 4.4 years, 3,501 cases of invasive breast cancer were observed.
Hazard ratios (HR), which may be thought of as agespecific RRs averaged over time, were estimated using the Cox proportional hazards regression models with age as the primary time variable. Analyses were performed with fat intake as either a continuous or a categorical variable. The HRs for fat increase on the continuous scale were calculated for a 2-fold increase, eg, from 20% to 40% of energy from total fat, and in categorical analyses, the HRs were calculated between quintiles of fat intake. Tests for linear trend in the categorical analysis were performed by using the median intake level in each quintile.
Several potential confounders were adjusted for in a multivariate model, including alcohol consumption (continuous), smoking history (ever versus never), age at birth of first child and number of children combined, age at menopause (Ͻ50, 50 -54, or Ն55 years), menopausal hormone therapy use (current, never, or former user), and body mass index (Ͻ25, 25-Ͻ30 kg/m 2 , or Ն30 kg/m 2 ), as well as nonalcohol energy intake.
The HR of breast cancer for the highest (median intake, 40.1% energy from total fat) versus the lowest (median intake, 20.3% energy from total fat) quintile of total fat intake was 1.11 (95% CI: 1.00 -1.24; P trend ϭ 0.017). The corresponding HR for a 2-fold increase in percent energy from total fat on the continuous scale was 1.15 (95% CI: 1.05-1.26). Positive associations were also found for subtypes of The investigators also estimated the HR for a 2-fold increase in fat intake using measurement error adjustment methods (regression calibration), 27 with data from the calibration study to make the adjustment. The adjustment gave an estimated HR for total fat of 1.32 (95%CI: 1.11-1.58). Although the use of 24-hour recalls to correct for measurement error may not fully adjust for the error in the FFQ, evidence from the OPEN study suggests that the adjustment is in the right direction. 25 
CONCLUSIONS
Results from several large cohort studies that were reported 10 -20 years ago appeared to indicate that the hypothesized link between dietary fat intake and breast cancer risk was illusory. In this article we have reviewed several strands of more recent evidence that have emerged and together point in a different direction. Each of the studies discussed in this article suggests that a modest but real association between fat intake and breast cancer is likely. If, as the randomized trial result indicates, the association is causative, it would have important implications for public health strategies in reducing breast cancer incidence. The evidence is not yet conclusive, but further follow-up in the randomized trial, as well as efforts to improve dietary assessment methodology for cohort studies, may be sufficient to provide a convincing answer.
